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Abstract: Large numbers of industrial zones have emerged in the urban outskirts of developing
countries. Generally, these zones become economically efficient and environmentally unfriendly due
to a lack of regulation and poor planning. Therefore, a restructuring of underperforming industrial
areas is urgently needed. However, most restructuring processes lead to economic and social issues,
such as deindustrialization and unemployment. Therefore, this study proposed a restructuring
framework specific to the industrial areas in the urban outskirts and tested it in a case study in
Shunde, China. In the framework, securing the existing industrial cluster is given sufficient attention,
and the retained firms are relocated to dedicated resettlement sites before the demolition begins. As
a result, the industrial clusters were successfully maintained after the restructuring. Moreover, the
introduction of vertical factories allows for additional land supply and improves the environment to
a great extent. Consequently, one world-class high-tech firm was added to the restructured areas.
The restructuring framework and the case study should shed light on other restructuring projects
occurring in developing countries.
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1. Introduction
1.1. Background

The ongoing global megatrends, such as digital transformation and increasing scarcity
of resources, have encouraged developing countries to focus on developing the service
sector [1-3]. Accordingly, manufacturing industries that generate significant carbon emis-
sions [4], pollution [5], and congestion [6] are set aside and pushed to the urban outskirts,
where urban infrastructure and consumers are still accessible and the rental cost is afford-
able [7]. Eventually, meso-scale industrial parks are formed [8,9]. Due to the geographical
proximity, outskirts-factories also benefit from externalities such as knowledge and social
capital spillovers [10]. As a result, many hidden champions had hatched in these areas in
developing countries [11]. However, three issues having to do with a lack of planning arose
along with the growth of these industrial areas. First, due to the lack of regulation, these fac-
tories generate tremendous pollution and carbon dioxide [4,5]. Secondly, because the local
government generally neglects the governance of the urban outskirts, holistic planning is
absent from coordinating the infrastructure construction and regional development [7,12];
as a result, land utilization is inefficient. Lastly, fragmented land uses are ubiquitous due to
the co-ownerships of the land and properties and the limitation of the surrounding natural
environments [13]. While urban planners have been trying to limit urban sprawl since the
late 1990s across the world [14,15] and environmental sustainability is increasingly needed,
there is a growing urgency for restructuring outskirt industrial areas. Therefore, this study
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aims to review different ways of restructuring outskirt industrial areas, propose a novel
restructuring framework, and test it in a case study in Shunde, China.

1.2. The Past Restructuring Efforts and Risks

Scholars addressed three main challenges for restructuring the outskirts of industrial
areas: the co-ownerships of the land and properties [16,17], the long-existing negligence
of different stakeholders” interests [17,18] and the fragmented land blocks (due to the sur-
rounding natural environments). In terms of solving the issues caused by the co-ownerships
and the unequal interest representation of stakeholders, Yuan et al. [18] proposed forming a
benefit-sharing mechanism wherein stakeholders negotiate and settle their benefits during
the restructuring process. In another study, Gomes et al. proposed a methodology that can
engage stakeholders in the building and assessment of future land use scenarios [19]. With
the accumulating restructuring experiences, scholars realized that the process requires a
more holistic and systematic strategy to engage needs at different governance levels. For
instance, Liang et al. proposed a restructuring concept in which industrial restructuring
goals were systematically set at the village-, town-, and district levels, unifying the needs
of different stakeholders. They further quantitatively estimated various industrial parks’
efficiency and performance, allowing for full-cycle monitoring of the restructuring pro-
cess [20,21]. New technologies could provide some solutions for solving issues caused
by the fragmented land blocks. For example, ‘vertical factories,” which emerged recently,
allow for different functions such as offices and production lines to co-locate in the same
building [22]. In the case study of this research, we visited a few vertical factories.

Restructuring the outskirts of industrial areas could lead to different social issues.
Local governments were motivated to promote servicing economy by sacrificing the local
manufacturing industry [2,3,23]. When manufacturing activities are suppressed, e.g., by
re-zoning land uses or raising emissions standards, the factories have to relocate to other
under-developed areas [24,25]. As a result, the local labor market faced tremendous shocks,
leading to a series of social challenges, including unemployment and an enlarged skills
gap [25,26]. Reviewing the restructuring effect in China is particularly relevant in this study,
given that the second largest economy is undergoing economic transitions. Its restructuring
experiences can offer insights for other developing countries. In China, two policies are
used to guide the restructuring of the outskirt industrial areas. First, the Tui Er Jin San
policy aims to suppress the manufacturing industry and develop the service industry.
The second policy, “demolition first; attract investment later,” seeks to demolish old and
inefficient factories and then attract investment later [23]. Such a policy has also been used
in restructuring the American Rust Belt [27]. However, both policies had not considered or
given sufficient attention to the existing industrial clusters. In most of the restructuring
processes, the stakeholders of the current industrial clusters, such as the factory owners
and employees, are absent from participation in the process, while the local governments,
developers, and landowners were in charge [23]. When the restructuring finishes, the rental
cost increases and more local factories move out of the areas, further provoking investments
in non-manufacturing industries. Such a vicious cycle damages the local industrial cluster,
leading to deindustrialization. Therefore, to secure the local industrial cluster, scholars
suggested a more equitable restructuring framework, where stakeholders such as factory
owners, employees, landowners, local governments, and developers should contribute to
the process with corresponding representations [23].

In summary, restructuring outskirt industrial areas face tremendous challenges, in-
cluding co-ownerships, deindustrialization issues, and long-existing negligence of factory
owners’ interests. The proposed framework of this study tried to solve these challenges
with the novelty of sustaining the existing industrial clusters.

1.3. The Resilience of the Industrial Cluster

Sustaining a prosperous industrial cluster before and after the restructuring could
be a decisive factor in success. The idea of an industrial cluster refers to a geographic
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concentration of interconnected industries which supply or consume the goods of others
and benefit from low transaction costs, infrastructure sharing, and other externalities such
as knowledge and social capital spillovers, forming agglomeration economies and superior
competitive advantages [28]. Along with the anti-globalization movement [29] and the
emerging concerns of supply chain security [30], empirical studies have been paying more
attention to the resilience of industrial clusters. In the context of restructuring, the resilience
of existing industrial clusters is of significance. Resilience has two main aspects, the
capability to accommodate shocks and the ability to recover, renew, and reorient [31,32].
Scholars believe resilience is associated with a variety of industries. However, there have
been vast debates about that. Variety comes in two distinct forms, the related variety within
sectors and the unrelated variety between industries [33]. Related variety was believed to
facilitate knowledge sharing and generate innovation and new technologies, which refers
to “Jacobs’ externalities” [34]. However, empirical studies show that regions of related
variety could be vulnerable to industry-specific shocks [35,36]. Accordingly, unrelated
variety, referring to a portfolio of industries, protects a region from external shocks [33]. To
sustain the resilience of the existing industrial cluster, we believe key firms that contribute
significantly to the resilience of the industrial cluster should be given sufficient attention so
that the industrial cluster can sustain itself after restructuring.

There are accumulated experiences in identifying these key firms. Firstly, empirical
studies show that large-sized firms exhibit strong resilience [37]. Abundant cash flows,
technological monopolies, and sophisticated distribution networks underscore their strong
positions [37]. Moreover, they also control the supply chains by investing in related
firms [37]. Other studies also show that large firms have stronger financing positions and
benefit from economies of scale, exhibiting long-term resilience [38]. Innovation capability
is also associated with the resilience of the industrial cluster. An innovative industrial
cluster exhibits strong leapfrogging capability, generating economic variety [39]. A region
with a relatively complete supply chain also exhibits strong resilience. Li et al. found that
large firms integrated the local supply chain during the financial crisis in 2008, allowing
them to accommodate external shocks [40]. Hu et al. posited that the integration of the
local supply chain allows a stronger control over the delivery of intermediate products [41].
Wu et al. addressed the importance of balanced capacities between the upstream and
downstream supply chains. For example, if the upstream supply chain cannot fulfill the
demands of the downstream supply chain, the overall efficiency would decrease [42].
The geographical distribution of the supply chain also matters. If the production process
involved overseas suppliers, the risks of an interruptive supply chain increased to a great
extent [42]. Conclusively, suppose a firm controls a large portion of the supply chain
(e.g., via investing in other firms) and is geographically close to other firms; in that case, it
is the industrial cluster’s key firm that deserves attention during the restructuring process.

The restructuring process also involves attracting new industries and new firms, as
there are urgent needs to fill in the vacancy of the buildings and land. Even though such a
process is generally beyond the control of the government, incentive policies such as tax
abatement, free or low-cost land, and training support were deployed to motivate certain
kinds of firms or industries to move in [43].

In summary, securing a resilient industrial cluster is of significant importance to the
success of the restructuring process. This study identified the key firms by using three
important factors relevant to the resilience of industrial clusters: the firm size, innovation
capability, and the role it plays in the supply chain. The research framework of this study
is illustrated in Figure 1. First, in the Materials and Methods section, we will propose a
restructuring framework and address the methodology and the case study area. Then, in
the Results section, we will address the findings of the restructuring project to-date. Finally,
we will draw a conclusion and discuss the limitations of this study in the last section.



Land 2022, 11, 2004

40f16

(a) The cause of restructuring outskirts industrial zones
l
l |
Inefficient land Environmental Fragmented
utilization sustainability land uses

) 4

(b) Restructuring with goal of securing existing
industrial clusters

.

Identify and retain key firms

4
| l
i i Playing k les i
The firm size The mnoy:atlon aying key ro es? in
| capability the sup;|)ly chain
A

l

Resilience of Industrial clusters

¥

(c) Restructuring result (quantitative and qualitative assessment)

Figure 1. Research framework. Panel (a) addresses the reason why restructuring the outskirts
industrial zones is important. Next, panel (b) addresses the three criteria for identifying key firms to
retain the existing industrial clusters. Finally, we will present the restructuring result (panel (c)).

2. Materials and Methods
2.1. Restructuring Framework

Before building the restructuring framework, we underwent a series of consultations
with key stakeholders, including the local authorities, landowners, and local firms. This
consultation process allowed us to understand their demands and expectations, thereby
facilitating the data-collection and restructuring process. The local authorities include the
Municipal Economy Promotion Bureau and the Municipal Planning and Natural Resources
Bureau. The former agency expected that the restructuring process could retain the local
industrial clusters and attract elite firms to relocate in the region. The latter expected the
restructuring process to strictly follow the land use regulation and improve the built envi-
ronments in the region. Their expectations align well with the objectives of the restructuring
process (see Figure 1a). The landowners have collectively commissioned the local village to
manage the land on their behalf. In this regard, we consulted the village committee and
accordingly the committee communicated the restructuring process with the landowners.
The consultation reaches a consensus between landowners that the restructuring process
would certainly induce a short-term rental loss to the landowners but achieve long-term
benefits, including higher rental income and better built environments. Such a bottom-up
process facilitates the restructuring process. The consultation with local firms is presented
in Section 2.1.3.

This study proposed a restructuring framework (see Figure 2) that comprises four
main steps.
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Figure 2. Restructuring framework. The framework guides the restructuring process and was applied
in the case study. Panel (a) addresses the four main steps of the framework. Next, panel (b) addresses
detailed approaches to securing the existing industrial cluster. Finally, panel (c) addresses how to
bring in new industries.

2.1.1. Setting Up Goals for the Project

In this step, we set up the goals of the project. More specifically, we determined
what kinds of industrial clusters need to be retained and which new industries need to be
developed. This requires the foresight of emerging and shrinking industries. Furthermore,
the global product space research provided useful materials [44] to inform the competitive
advantage of the goods that the project area produces [45]. Therefore, we built a global
product space and mapped the advantaged products in the space to study the existing
industrial clusters and determine what new industries this area needs to develop.

2.1.2. Identification of Key Firms

This step aims to identify existing key firms (see Figures 1b and 2b) which are relevant
to the existing industrial clusters, as well as new firms that would benefit the development
of the new industries. Based on the three factors that are relevant to the resilience of an
industrial cluster (i.e., the firm size, the innovation capability, and the roles the firm play in
the supply chain), we classified the existing firms into three distinct types. Type-A firms
include firms that own large numbers of employees and generate huge revenue. This type
also includes firms in the high-tech sector and firms with many interconnections with
other firms in the region. Type B consists of three kinds of firms: firms with relatively high
revenue (measured the revenue per square meters), small-medium firms that have been
growing fast, and lastly, firms that have applied for high-tech certificates. Type-C includes
all the remaining firms. We also sampled firms from all three types and interviewed them
to confirm that the criteria were met. A final list of firms classified into different types was
submitted to the government. Ideally, Type-A and Type-B firms are to be retained.
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2.1.3. Conducting a Needs Assessment

This step aims to understand the needs of the firms. That includes the demands of
retained and new firms (e.g., the location and the floor area) and the firms that need to be
displaced (e.g., the compensation). Moreover, we consulted the firms on whether or not the
production process can be performed in a vertical factory. After iterative consultations with
the firms and the local governments, we formulated a series of plans that guided different
restructuring stages. More specifically, the plans include the industrial development
strategy of the project area, the land uses, the resettlement sites for accommodating the
retained firms, and the action plans that guide different stakeholders.

2.1.4. Placement and Construction

During the placement and construction stage, the retained firms would move to the
allocated resettlement sites and the Type-C firms would leave the project area. Some
firms designed their factories and built them on the allocated site, while others optimized
their production process to adapt to the vertical factory setup. Meanwhile, village-level
authorities coordinated with firms to facilitate the placement and construction process. The
main advantage and also the major difference of this restructuring framework compared to
other restructuring processes are that we would settle the firms and streamline the relocation
before the construction started, reducing the loss of the firm owners to a great extent.

2.2. Study Area

We tested the industrial cluster-focused restructuring framework in a typical outskirt
industrial area, Beijiao Town (hereafter called Beijiao). The town is located in Shunde City,
Guangdong Province, China (see Figure 3 for Beijiao’s geographic location). Since China’s
reform and opening, an influx of foreign investment has flourished in the Guangdong
province of China, forming unique economic cooperation called the “front shop, back
factory,” where Hong Kong functions as a retail trade and brand development area and
major sources of investment, while the Pearl River Delta is a labor-intensive production
powerhouse [46]. Such a development was unique in another way. It thrived in the urban
outskirts, where agricultural and manufacturing activities co-occurred in the same place.
Such transitions, sometimes referred to as Desakota [47], have also appeared widely in
Southeast Asia, including Indonesia, Thailand, Japan, and South Korea [48].

In 2018, the local government of Shunde prioritized the task of restructuring urban
outskirt industrial areas. Since then, a few previous restructuring projects ignored the
needs of the existing firms, demolishing factories without sufficient consultation and
damaging the existing industrial cluster. As a result, a series of social issues emerged, such
as unemployment. The Beijiao Town government (under the supervision of the Shunde
government) realized such restructuring practices were unsustainable, and appointed us to
propose a restructuring framework and monitor the restructuring process.

In Beijiao, 26 urban outskirts industrial parks are the leading geographical units for
accommodating various kinds of firms. Beijiao is famous for its household appliances
manufacturing industry and is also home to a few world-class manufacturing firms, in-
cluding Midea Appliances. The 26 industrial parks cover a total of 1.57 square kilometers
of land area and accommodate 2051 manufacturing firms. Moreover, these firms account
for 56% of the gross domestic product (GDP) value of Beijiao’s secondary industry and
64% of Beijiao’s large manufacturing firms (with more than CNY 20 million revenue per
year). There are dozens of firms whose annual revenue exceeds CNY 100 million and
large numbers of hidden champions [11]. There are dominant industries, including metal
additive manufacturing, plastic manufacturing, and machinery manufacturing industries.
In addition, it includes other industries, such as furniture, special equipment, agricultural
by-products, papermaking, packaging and printing, and non-metallic mineral products.
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Figure 3. The case study area. The area outlined in red is the project area, called Beijiao Town. The
dark circles indicate the main functional urban areas close to the case study area. The transport
infrastructure including the railway stations, airports, inter-city railway, metro, railway, and road
network, is outlined. The base map was sourced from the Ministry of Natural Resources of China.
The figure was generated using Adobe Photoshop™

2.3. Data Collection and Processing

During this study, we collected three datasets (see Table 1 for more details). Firstly,
we collected the firm-level statistics data provided by the Shunde government. The firm-
level statistics were further processed to derive other attributes, such as the revenue per
square meter and the geographical distribution of the existing clusters. Secondly, we
randomly sampled and interviewed a total of 45 firms from the Type-A, Type-B, and Type-
C categories. We collected a series of attributes during these interviews and summarized
them to constitute the firm-level survey dataset. Supplementary Materials S1 lists the
questionnaire we used. Afterward, we used the surveyed attributes to classify more
than 2051 firms into Type-A, Type-B, and Type-C classes. Moreover, we also grouped
pairs of firms based on the probability of co-location in the same vertical factory. Such
an attribute is useful for the government to understand how many vertical factories are
needed and communicate with different stakeholders, such as firm owners and village-level
governments. Lastly, we collected datasets on the land uses from the Planning Bureau
of Shunde.
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Table 1. The collected datasets.

Derived

Datasets Attributes Attributes

Source

Address

The revenue per

square meter. Economic Census
co '¥£1eh' al provided by the
geographic Shunde

distribution of t [49
the industrial government [49]

clusters.

Building area

Firm:leyel Revenue per year
statistics

Numbers of employees

The industrial sector (GB/T4754-2017)
Owner

Supply chain position

Products

The status of automation adoption
Type-A, Type-B,

New-tech certificates and .T.ype.-C Survey and
classification. interviews
Firm-level The R&D investments The co—lp;ation (see
survey probability of Supplementary
Whether or not the production process ~ two firms in t}fe Materials S1)
can be performed in vertical factories sanfl:c\;(e);tlca
(the weight of the assembly lines) Y.
The floor area needed
The relocation cost
Land uses Land uses Spatial land use Beijiao
and Government
: structure of the s
infrastructure Infrastruct rolect area (classified
maps fiirastructure maps pro) information)
3. Results

This section will first present an example of the local industrial cluster, demonstrating
how a Type-A firm dominates the supply chain. Secondly, we will present a pseudo layout
of the industrial parks and the proposed resettlement sites. Lastly, we will present the
intermediate restructuring outcomes to-date.

3.1. An Example of the Local Industrial Cluster

During the consultation process, we found two forms of supply chain collaborations in
the study area. Firstly, vertical collaboration occurred between different firms in the same
supply chain. Secondly, horizontal collaboration occurred between firms in the same indus-
try when demands overflowed. The geographically concentrated industrial cluster allows
firm owners to promptly make oral contracts with other firms (sometimes their competitors)
when they cannot deliver the products with the in-house capacity. The oral contracts were
prompt agreements between two firms, avoiding large amounts of paperwork and facilitat-
ing the production process. They are frequently used in delivering small amounts of goods.
We presented a supply chain example that showcases these two kinds of collaborations in
Figure 4. The example comprises supply chain information of multiple metal additive and
plastic parts (MAPP) manufacturers in the study area. Amongst them, MAPP manufacturer
X has been a successful parts supplier to a large-size household appliances manufacturer in
Beijiao. There are a total of seven other firms that supply different intermediate products or
services to the MAPP manufacturers. This collaboration is referred to vertical collaboration.
Meanwhile, manufacturer X also subcontracted to manufacturer Y and Z during the peak
seasons, which is referred to as horizontal collaboration.
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Figure 4. An example of the metal additive and plastic parts supply chain. Such an example is
derived from the interviews with the local firms in the case study area.

The example supply chain involves a few suppliers that are located in other cities,
provinces and even countries, e.g., the raw material supplier comes from Jiangxi Province
and the equipment supplier ] comes from Japan. Moreover, the suppliers also belong
to different industries, e.g., the industrial design firm and the packaging and printing
firm. Moreover, we found that manufacturer X is a key supplier to the household appli-
ances manufacturer, as there is no substitute manufacturer for delivering the parts needed
(manufacturer Y and Z cannot meet the household appliances manufacturer’s standards).
Therefore, manufacturer X was classified as a Type-A firm, while manufacturer Y and Z
were classified as Type-C firms. Similar classification practices were performed in another
supply chain.
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3.2. The Resettlement Sites during Construction

We proposed a series of policies to retain the Type-A and Type-B firms. Besides
relocation allowances, the government also provided a series of resettlement sites for the
firms to relocate before the construction started. The locations of the resettlement sites were
chosen based on three criteria. Firstly, the resettlement sites should be close enough to the
original sites, so the relocation cost is affordable. Secondly, the land of the resettlement sites
is for industrial use rather than agricultural use. Lastly, the resettlement sites have good
access to transport infrastructure.

A pseudo spatial layout is illustrated in Figure 5. The left panel shows the layout of
the existing industrial parks, while the right panel shows the proposed resettlement sites.
We also defined a series of planning units covering a few villages and industrial parks. The
planning units allow the pooling of social capital (e.g., the personnel for monitoring the
restructuring process) and infrastructure resources across different villages and sharing
the resettlement sites. The planning units also provide a platform for sharing information
about contacts and investment interests.

village

Industrial
park
Industrial
park

village

Industrial
park
village

village Industrial | village ! village Planning |ndustrial :
park I Industrial : unit SR |
|
Industrial | park I msett]ement |
park village ! ! site village :
I

: village I |
I v : | Planning —:

| PR, - - i
Industrial ! resettlementlr village unit ndustrial |
park Site park !
Industrial | | |
park | . | resettlement |
: | site |
i Planning - . i > |
i |
| unit Industrial ! X |
Industrial | park | Industrial I
park | | park !
village village | village | village village |

Figure 5. A pseudo spatial layout illustrating the industrial parks and the proposed resettlement
sites. The left panel shows the existing spatial structure of the existing industrial parks, which are
highlighted in light grey. The administrative boundaries of different villages are also outlined in grey
lines. The right panel shows a proposed layout of the resettlement sites, highlighted in dark grey.
The boundaries of the planning units are outlined in dotted lines.

3.3. The Intermediate Restructuring Outcomes
3.3.1. The Vertical Factories

One of the novel concepts that is introduced in this study is the use of vertical factories.
The main advantage of vertical factories in this case study is the highly efficient land utiliza-
tion. The vertical factories in this case study considered the relationship between different
functional spaces and accommodated the office space and the production lines in one single
building. The buildings have special layouts and equipment, such as rampways for moving
vehicles between floors and oversized elevators. However, few studies have quantitatively
estimated whether or not the production process is more efficient. Some scholars argued
that with careful layout planning of the vertical factories, the production process could
be as much, if not more efficient, than the conventional single-floor factory [22]. Figure 6,
shows an industrial park called Xihai Industrial Park before and after the construction. The
first photo was taken in May 2020 and the second photo was taken in August 2022. Vertical
factories have improved the urban environment to a great extent.
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Figure 6. The industrial park before and after the restructuring. The pictures in panel (a) and panel
(c) shows the same site before and after the restructuring. The location of the restructured industrial
site is shown in panel (b). The pictures in panel (a) and panel (c) were kindly provided by the
Beijiao government.

3.3.2. The Retained Firms and New Firms

We kept track of the move-in and move-out firms before and during the restructuring
process. Before the restructuring was announced in 2019, there were a total of 26 industrial
parks in Beijiao and 2051 different-sized firms. Amongst them, there were 316 Type-A
firms, 22 Type-B firms and 1713 Type-C firms. By August 2022, a total of five industrial
parks have been restructured, and another two parks had come to an agreement with the
stakeholders for starting the restructuring process. There are 1469 firms remaining to date,
accounting for a 71.6% retaining rate. Amongst the remaining firms, there are 269 Type-A
firms, accounting for an 85.1% retention rate for the Type-A firms, and 20 Type-B firms,
accounting for a 90.9% retention rate for the Type-B firms. There are 1180 Type-C firms,
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which account for a 68.9% retention rate for the Type-C firms. As a whole, a total of
582 firms had been displaced. Due to privacy concerns, this study cannot present the
revenue and the number of employees for each firm category. However, as references, we
randomly selected an example per category to present their annual revenue and the range
of the number of employees in 2018 (see Table 2). We also attach other statistics for different
types of firms in Supplementary Materials S2. In the restructuring process, there are still
great firms that have left Beijiao Town. In total, 47 Type-A firms have left Beijiao. Among
them, 26 firms had terminated their registrations and another 15 firms moved to other
towns in Shunde District. One Type-A firm relocated to Guangzhou City, China. There
were two Type-B firms that left Beijiao, and they moved to Chencun Town and Xingtan
Town, both in Shunde District.

Table 2. The revenue and the number of employees of sampled firms for each category.

. Annual Revenue The Number of
Firm Category (in CNY) Employees (a Range) The Industry Sector

A samplle of Type-A 33,550,000 30-40 Metal ad.dltlve
firms supplier

A sampl.e of Type-B 15,671,000 20-30 Plastic ad.dltlve
firms supplier

A samplle of Type-C 273,800 1-5 Hougehold
firms appliances

Besides retaining firms, the government also attracted a few industrial projects to the
restructured parks with some incentives, such as rent reduction (up to CNY 30 per square
meter per month) and allowances for buying new factories (up to CNY 60 per square meter
per month). The new firms include Han’s Robot Co., whose robots are distributed across
more than 100 countries. These new firms enhanced the high-tech industrial cluster in the
case study area.

In summary, most Type-A and Type-B firms remained. We believed the resilient
industrial cluster and the allowances for retention had encouraged the firms to stay. How-
ever, the COVID-19 pandemic slowed the reconstruction process, which concerned other
firm owners.

3.3.3. Summary of the Intermediate Outcomes

The restructuring project was announced in 2019, just before the COVID-19 outbreak.
Even though the project has been impacted significantly over the last three years, it has
achieved tremendous outcomes. We summarized all the major intermediate outcomes
in Table 3. The government sets three goals and should also represent the objectives of
other restructuring projects elsewhere. The first goal is to improve the land utilization
efficiency and provide additional land supply. Two main policies or actions were deployed,
including providing resettlement sites and introducing vertical factories. To the best of our
knowledge, this is the first project introducing vertical factories in outskirt industrial parks’
restructuring process. As a result, the GDP per square kilometer in Beijiao Town increased
significantly between 2019 and 2022 (see Table 3). The second goal is to secure the existing
industrial cluster and attract new firms to enhance its competitive advantage. Firms were
classified based on their contributions to the resilience of the local cluster. Firms that did not
meet the qualification criteria were displaced, which allowed the government to provide
additional land supply. To attract new firms, the Shunde government deployed some
incentives (as discussed above). As a result, a world-leading high-tech company agreed
to move into the restructured industrial parks. To retain skilled workers, the government
also upgraded the public facilities in the restructured parks and increased green space. As
a result, the environment of the parks significantly improved after the construction. This
study has not quantitively measured how much the environment has improved after the
restructuring. However, from Figure 6, we could visually see the improvement of one of
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the industrial parks. The restructuring process is still ongoing, so we expect it to achieve
more exciting outcomes soon.

Table 3. The goals, the actions, and the intermediate outcomes.

Goals Policies/Actions Outcomes

In Beijiao Town, the GDP per square
kilometer grew from CNY 18.4 billion in 2019

1. Provision of

Improve land resettlement sites

utilization efficiency to CNY 24.2 billion in 2022.
and provide land Additional 9.73 million square meters of
supply vacant land.

2. Vertical factories Additional 49 industrial land parcels.

3. Firms classification

Securing and 4. Displacement of 269 Type-A firms had been retained.
upgrading the existing Type-C firms 533 Type-C firms were displaced.
industrial clusters One world-leading high-tech firm was added.
5. Introducing new
firms.
6. Improve public Three community service centers, one

Improve facilities to

facilities. kind. £ d Iderl i
retain skilled workers indergarten, and one elderly care service

station are under construction.

7. Increase green space

4. Discussion

Unlike the previous restructuring attempts, the proposed framework was formulated
based on a series of consultations with various stakeholders. The thorough consultation
process allows seamless communication with stakeholders, understanding their needs and
ultimately facilitating the restructuring process. However, there is still room to improve the
consultation process. For example, scholars proposed a place-makring framework where
the consultation with stakeholders were organized in a sytemetic way [50].

Through the case study, we validated the proposed framework against three pre-
determined objectives of the restructuring process (see Figure 1a). Firstly, the land resources
in the urban outskirts were utilized more efficiently. That includes two aspects, i.e., more
vacant land and higher per square kilometres GDP. Secondly, the environment of the
industrial zones had improved (see Figure 6). Lastly, the uses of the land were controlled
under unified planning, putting an end to the long-existing fragmented land uses. The
case study provides a best practice for other restructuring projects. On the one hand,
it proves that the industrial clusters can be sustained after the intensive restructuring
process. On the other hand, upgrading the environment could attract high-end firms and,
ultimately, other economic activities, e.g., shopping centres, allowing for a more sustainable
economic ecosystem.

Even though encouraging outcomes emerged after applying the proposed restructur-
ing framework to those five industrial parks, we observed three main limitations of this
study. Firstly, while good-quality firms were retained and new firms were added to the
restructured parks, a longitudinal study on their performance has not yet been carried out.
Moreover, whether or not these elite firms could positively impact the existing industrial
cluster is unknown. For example, if an elite firm could source parts from suppliers who
just moved in after the restructuring process, the economy of scale of the supply chain
would be enhanced. On the other hand, the displacement of some Type-C firms might
cause negative impacts on the industrial clusters, as these firms might provide additional
production capacity for elite firms during the peak season. Therefore, the effects of the firm
movements on the existing industrial clusters should be studied.
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Secondly, the three factors that this study uses to classify firms might have limitations.
With the growing geopolitical tensions between economies, some supply chains might
expect tremendous emerging challenges, e.g., relocating oversees. In a future study, the
geopolitical risks should be taken into account in the restructuring process, constituting the
fourth factor.

Thirdly, the framework has not been tested in other case studies in other regions.
Therefore, further investigation needs further investigation into whether or not such a
framework is practical in different contexts. More specifically, two future studies should be
carried out in areas where dominant industries differ from the industries in this case study.

Fourthly, how vertical factories affect the industrial clusters was not studied. To the
best our knowledge, few empirical studies specifically analyze how manufacturing benefits
from densely concentrated production processes. Therefore, future studies should examine
how different industries adapt to such a vertical structure and estimate the change in land
utilization efficiency.

Lastly, the restructuring process will certainly have an impact on the region from two
different aspects. The surrounding land uses could change significantly. For example, new
shopping and entertainment amenities could appear to satisfy the emerging demands. The
regional socio-economics status would change as well, e.g., more high-tech workers and
higher income. Therefore, future studies should examine how these two aspects change as
the result of the restructuring.

5. Conclusions

In this study, we proposed a restructuring framework specific to the urban outskirts
and industrial areas and tested it in a real case study. The novelty of our work comprises
three aspects. Firstly, we proposed that securing the existing industrial clusters should be
given priority. Based on that idea, we proposed a firm classification system that identifies
three different kinds of firms based on their contributions to the resilience of the existing
industrial cluster. Such a classification guided the restructuring process in the case study,
retaining elite firms and displacing relatively inferior firms.

Secondly, the vertical factory concept was introduced in the restructuring framework.
To the best of our knowledge, this is the first project introducing vertical factories in the
restructuring process of outskirt industrial areas. The vertical factories increased the land
utilization efficiency and improved the environment to a great extent (see Figure 6).

Finally, unlike other restructuring projects, the proposed framework encourages firms
to be relocated to the allocated resettlement sites before the demolition and construction
start. Such a process required more time and effort than other restructuring practices.
However, as proved in the case study, all the efforts paid off. As a result, more vacant land
is available in the case study area, while the existing industrial clusters are retained.

Supplementary Materials: The following supporting information can be downloaded at: https:
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